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Motivated by the observation of millisecond-timescale
synchrony among hippocampal neurons in high-density
extracellular recordings of freely moving rats [1], we
developed and applied a model for detecting synchrony
under such conditions. We calibrated the model using
data of a putative monosynaptic connection, obtained in
paired extracellular-intracellular recordings in anesthe-
tized rats [2].
There has been a great deal of interest in detecting
synchrony, and more generally fine-temporal correlation,
in the firing activities of pairs of neurons. In certain set-
tings, a common question is whether this fine-temporal
structure is supposed to reflect either a direct synaptic
connection between these cells (“the monosynaptic con-
nection hypothesis”), or a larger network organization in
which these cells are embedded (“the common modula-
tion hypothesis”). Here, we studied a specific related
problem: what is a proper estimate of the amount of
synchrony between two spike trains?
We modeled the problem based on a technique we
call “separation of time scale” model. Among synchro-
nous spikes, a spike can belong either to a fast timescale
process, or to a slow timescale process, called back-
ground activity; non-synchronous spikes belong to back-
ground activity. The definition of timescale for these
processes is based on conditional modeling tools, as
developed in previous studies [3], and is designed to
accommodate even extreme forms of nonstationarity in
the underlying spike processes. Under this framework,
we can either test the hypothesis that the activities of
these two cells are uncorrelated on a fine-timescale, or
estimate the number of synchronous spikes due to fine-
timescale processes. It was argued however that, in the
context of related models, resulting statistical hypothesis
tests have low power and estimators of synchrony are
biased [4]. An alternative method was proposed and
observed to offer a high power test and unbiased estima-
tion in numerical simulations. We studied this alternative
approach and framed it within our separation-of-time-
scale model. We develop hypothesis tests and unbiased
estimators and interpret and clarify previous results in
this context. We applied the developed method to large-
scale recordings of neuronal populations in the cornu
ammonis 1 (CA1) and CA3 regions of the hippocampus
of freely moving rats [1]. Finally, we also simulated a sim-
ple biophysical model of a monosynaptic connection, and
demonstrated the relevance of our method in this
mechanistic context.
Nevertheless, this method is based solely on an analy-
sis of spike trains, which give a restricted representation
of a cell’s `true’ activity and result from numerous steps
of statistical inference (e.g. spike sorting). Any conclu-
sion based on such analysis should be therefore trusted
with caution. We examined an experimental dataset
where a fine-temporal structure was identified using
paired extracellular-intracellular in vivo recordings, in
the enthorinal cortex of the anaesthetized rat [2]. This
dataset allowed us to calibrate our spike train analysis
method (i.e. supervised learning), and to advance exist-
ing methodologies for identifying functional connectivity
from in vivo recording.
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